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OBSERVATIONS ON CIRCULATING ADRENAL CORTICAL
STEROIDS AND THEIR INACTIVATION IN VITRO*
JOSEPH D. FELDMANt
Vogta in 1943 reported a life-sustaining principle in the blood of the
adrenal vein of a variety of animals which was not present in right heart
or arterial blood. Schrek' in 1949 described a cytotoxic action on lympho-
cytes in vitro of microgram quantities of several adrenal extracts and pure
crystalline cortical steroids. Feldmanr found a rapid and marked destructive
action of Lipo-Adrenal Cortex (Upjohn) and of 11-dehydrocorticosterone
acetate (Compound A) on several different cell types.
The present work was undertaken to attempt to assay circulating adrenal
steroids by in vitro methods. It was postulated that these hormones would
destroy lymphocytes, and the number of cells lost from an accurately
counted suspension would be proportional to the effective cortical steroids
in plasma or serum. Such a method to detect these compounds in peripheral
blood would be of use clinically in determining the function of both the
adrenal and pituitary glands. Despite the negative results of the investiga-
tion, this work is being presented because of the interest it may have for
others in the field. In addition, the data on in vitro inactivation of adrenal
steroids is offered as a possible explanation for failure to detect circulating
cortical steroids.
Material and methods
Rats of the Sprague-Dawley or Rockland Farm strain were used for all experiments,
except two in which dogs were employed. The rats ranged in age from 60 to 200 days.
Three different means were employed in an attempt to increase adrenal steroids in the
blood to detectable levels.
1. Stress. Stress was accomplished in the following ways: (a) forced swimming for
1 to 3'2 hours; (b) exposure to cold for 18 hours; (c) acute hemorrhage; (d) restric-
tion of motion by tying the animal to a board. From a few minutes to 4 hours following
the stress the animals were bled from the heart under light ether anesthesia.
2. Injection of cortical extracts. Lipo-Adrenal Cortex (Upjohn) was given in doses
of from 1 to 3 cc., always subcutaneously. Two aqueous cortical extracts (Upjohn and
Wilson) were injected either subcutaneously or intraperitoneally in doses ranging from
1 to 8 cc. Three to 12 hours after the injection the animal was bled from the heart.
3. Injection of ACTH and Adrenalin. ACTH (Armour) was dissolved in physio-
logical saline to a concentration of 7 mgm. per cc. One cc. of this solution was
administered subcutaneously for three injections at 8-hour intervals. The animal was
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bled from the heart 8 hours after the final dose, or 24 hours following the initial dose.
Adrenalin (Sharp and Dohme) in doses of 100 ,g. per kilogram was injected sub-
cutaneously and cardiac blood was collected between 1 to 6 hours after the injection.
The cardiac blood was heparinized with 0.2 ml. of Liquaemin (Roche-Organon,
10 mgm. of heparin per cc.) and then centrifuged for 15 minutes at 3000 r.p.m. The
plasma was withdrawn and in it fragments of thymus of the same stressed animal
were teased and the resulting suspension filtered through 80-gauge monel wire gauze.
The final number of cells was adjusted by addition of plasma.
A baseline or zero hour count was done on these suspensions within 30 minutes of
preparation. At varying intervals thereafter counts were made to determine the total
number of cells and the number of non-viable cells by the method previously described.'
From these counts the rate of cell lysis and the rate of cell death could be determined.
In each experiment a control rat was used and its blood removed and handled as
described above. Control animals for swim or cold stress rats were kept in cages at
room temperature (25-26 degrees C.). Control animals for cortical extract, ACTH, or
Adrenalin received cottonseed oil or saline by the same route and in the same dosages
as was given to the experimental rats.
To learn whether cortical steroids of adrenal glands could be detected and quanti-
tated, sliced adrenal tissue was incubated with cell suspensions of known number and
counts were done as described above. For controls, sliced kidney or muscle was
incubated with the same cell suspension used for the adrenal glands. A baseline count
was done within 45 minutes of the death of the animal as previously described.' Cell
suspension plus adrenal tissue and cell suspension plus kidney or muscle tissue were
incubated at 37.5 degrees C. or at room temperature (25-26 degrees C.) with con-
tinuous shaking.
It was conjectured that ACTH might release cortical steroids from adrenal glands
in vitro. Accordingly, in one series of tests ACTH was added to a plasma suspension,
to the same plasma suspension containing sliced adrenal tissue, and to the suspension
containing sliced renal tissue as a control. The ACTH was prepared by dissolving
15 mgm. in 1 cc. of Gey's medium* and 0.2 cc. of this solution (3 mgm. of ACTH)
was added to the suspensions.
The adrenal veins of two heparinized, anesthetized (Nembutal) dogs were cannulated
according to the technique of Vogt3 and from the separated plasma and homologous
lymph nodes suspensions of lymphocytes were made.
For in sitro inactivation studies the following procedure was employed. An
unstressed male rat was bled from the heart; the blood was heparinized as above, and
a suspension of lymphocytes was made from the thymus of the same animal. The
number of lymphocytes in suspension ranged from 20,000 to 40,000 cells per cu. mm.;
0.4 ml. of this suspension was used to test the toxic action of Lipo-Adrenal Cortex, as
described previously.'
Fragments of muscle, intestinal tract, thymus, adrenal, kidney, and brain tissues
were placed in separate vials, each of which contained 0.1 ml. of Lipo-Adrenal Cortex
(4 rat units) plus 0.3 to 0.4 ml. of cottonseed oil with lo chlorbutanol. In previous
* Gey's Medium
NaCl 8.000 gm.
KCI 0.372 "
NaHCOa 0.500
CaCl2 0.203 "
MgCl2(6H20) 0.209 "
Na2HPO4(2H20) 0.143 "
KH2PO4 0.052
Dextrose, anhydrous 1.000
H20 1000.00 cc.
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experiments it was found that 0.8 rat units of this extract produced 90% or more
non-viable cells within 12 hours of incubation when added to lymphocyte suspensions.'
Cottonseed oil with 1% chlorbutanol, by itself, produced less than 20% non-viable cells
in 12 hours.1 The fragments of tissue and the extract were shaken together for 3 hours,
150 times per minute, at room temperature. The tissues were then removed and to the
remaining Lipo-Adrenal Cortex 0.4 ml. of the test lymphocyte suspension was added.
Control vials containing cottonseed oil with 1% chlorbutanol and the Lipo-Adrenal
Cortex were shaken in the same manner without addition of tissue fragments.
A count was made on the mixture of adrenal extract and lymphocyte suspension
after 5 minutes of shaking and this was regarded as the baseline, or zero hour,
determination. At the same time the number of non-viable cells was ascertained and
calculated as a percentage of the total number. Subsequent counts were done at 6 to
12 hours of incubation to determine the number of non-viable cells according to the
method previously described.1
Results
As reported elsewhere,' lymphocytes suspended in plasma and incubated
at 37.5 degrees C. showed a rise in non-viable cells from 1.5%o at the
baseline count to 21%o at 12 hours; at room temperature the rise was from
1.5%yo at 0 hours to 8.5% at 12 hours. In addition, the total count increased,
remained constant, or decreased slightly depending on whether there was
cell proliferation or not. Lymphocyte suspensions to which cottonseed oil
containing 1%b chlorbutanol had been added yielded results similar to those
found in simple plasma suspensions. In contrast, lymphocyte suspensions
mixed with Lipo-Adrenal Cortex showed 60%o non-viable cells at the
baseline count and 100%o at 12 hours of incubation.
Suspensions made from plasma of stressed animals, of animals injected
with cortical extracts, Adrenalin, or ACTH, showed the same increases in
non-viable cells over the 12-hour period of observation as was found in the
control suspensions. There were no statistically significant differences
between the experimental and control plasmas, either at 37.5 or 25 degrees
C. The interval of time which elapsed following stress or injection of
extract, ACTH, or Adrenalin had no effect on the rate of non-viability and
cell loss (Fig. 1).
At room temperature or at 37.5 degrees C., cell suspensions containing
sliced adrenal tissue showed no significant differences from cell suspensions
without the presence of tissue or with renal tissue (Fig. 1). Nor did the
addition of ACTH in vitro cause a release of detectable steroids.
Adrenal vein plasma of dogs had no effect on homologous lymphocytes
at 25 or 37.5 degrees C. compared with controls.
Of all the tissues shaken with Lipo-Adrenal Cortex only brain tissue
inactivated the extract so that the test suspension of lymphocytes showed
no increase of non-viable cells beyond the control mixtures. Figure 2 reveals
that within 12 hours four rat units of extract produced non-viability in
better than 90%o of the cells after the extract was shaken with fragments
of muscle, intestinal tract, lymphoid, adrenal, and renal tissue. In striking
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contrast, four rat units of extract which had been shaken with brain tissue
had only a slight and questionably significant effect on the cell suspension.
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FIG. 1. Horizontal hatched bar represents the
percentile range of non-viable cells at 0 hours
for all mixtures. Black vertical columns show
percentage ofnon-viability at 12 hours in experi-
mental mixtures; white columns are control
suspensions. 1. Incubation of stressed plasma and
cells. 2. Plasma suspensions derived from ani-
mals injected with adrenal cortical extracts.
3. Animals injected with ACTH and adrenalin.
4. Incubation of stressed adrenal tissue with
suspension. 5. Incubation of unstressed adrenal
tissue with suspension. 6. Incubation of Lipo-
Adrenal Cortex with suspension.
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FIG. 2. Inactivation of Lipo-Adrenal
Cortex. A. Incubation of Lipo-Adrenal
Cortex with lymphocyte suspension.
B. Incubation of Lipo-Adrenal Cortex
and tissues other than brain with sus-
pension. C. Incubation of Lipo-Adrenal
Cortex and brain tissue with suspen-
sion. D. Incubation of cottonseed
oil containing 1% chlorbutanol and
suspension.
Discussion
Failure to detect adrenal cortical steroids in plasma or in adrenal tissue
of rats subjected to various forms of stress may be due to any one
or more of the following: (1) the method of stained cell counts is too
insensitive to detect the minute amounts of the active hormones that may be
present; (2) adrenal steroids are quickly inactivated and cannot be found
in heart blood; (3) the lympholytic agent or agents of the adrenal gland
are different from the life sustaining principle which was found by Vogt.'
The sensitivity of the method used here was previously found to be
capable of responding to 0.8 of a rat unit of Lipo-Adrenal Cortex and to
8OpAg. of 11-dehydrocorticosterone. The amount of cortical steroid emanat-
ing from the adrenal and circulating in the peripheral blood has not been
directly and quantitatively determined.
Vogt reported adrenal steroids in the adrenal vein blood and nowhere
else.8 With the present method, using adrenal vein plasma from dogs, no
effects on lymphocytes were found. It is possible that the Nembutal
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anesthesia employed here depressed adrenal activity. Vogt used ether and
chloralose on her animals.
The in vitro experiments indicate that brain tissue destroys the lympho-
lytic action of Lipo-Adrenal Cortex. Whether this is due to the high content
in brain tissue of lipids which might remove the active reagents from the
extract has not been determined.
Conclusions
Schrek's method was employed to study viability and cell death of cells
in suspension. With this method it was found that Lipo-Adrenal Cortex
had a rapid destructive action upon lymphocytes. Adrenal cortical steroids
were not detected in the plasma or in adrenal glands of stressed rats or of
rats injected with adrenal cortical extracts, ACTH or Adrenalin. Nor was
any lympholytic activity found in the adrenal veins of two dogs with this
method.
The cytotoxic action of Lipo-Adrenal Cortex was rapidly and almost
completely inactivated by brain tissue but not by any other tissues tested.
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